ABSTRACT. This study aims to investigate the association of peroxisome proliferator-activated receptor (PPAR) delta -87T/C polymorphism with several sugar metabolism indices and tumor necrosis factor α (TNF α) level. The body mass index (BMI), waist size, and levels of fasting plasma glucose, serum lipid, fasting insulin, TNFα, and PPAR delta -87T/C of 286 patients with type 2 diabetes mellitus (T 2 DM) and 158 subjects with normal fasting glucose (NFG) were measured in a Dalian population. The distribution of genotypic frequencies between T 2 DM and NFG were not significantly different (χ 2 = 0.012, P = 0.994). BMI, fasting blood glucose (FBG), homeostasis model assessment-estimated insulin resistance (HOMA-IR), triglyceride, and TNFα levels were significantly different among different T 2 DM genotypes. HOMA-IR and FBG were significantly different among different NFG genotypes. The PPAR delta -87T/C polymorphism is known to be closely related with glucose levels and lipid metabolism. A close relationship was also found between 
INTRODUCTION
Peroxisome proliferator-activated receptor (PPAR) delta, a member of the PPAR family, is ubiquitously expressed (Skogsberg et al., 2000) . It has been reported to be involved in the regulation of genes that participate in lipid and lipoprotein metabolism (Leibowitz et al., 2000; Oliver Jr. et al., 2001) , as well as in the oxidation of adipose tissue and muscle fatty acids (Tanaka et al., 2003; Holst et al., 2003; Dressel et al., 2003) . The role of PPAR-delta in the response of cells to inflammation has also been documented Tan et al., 2001) . Unlike PPAR-α and PPAR-γ, PPAR-delta has fatty acids as their natural ligands (Forman et al., 1997) . A polymorphism in the 5ꞌ-untranslated region of the PPAR-delta gene has been identified as -87T>C (also named +294T>C; Skogsberg et al., 2003a; Shin et al., 2004) , which is also associated with the plasma lipid profile (Skogsberg et al., 2003a, b) . Transient transfection assays revealed that the -87C allele has higher transcription activity, indicating that PPAR-delta has a high activity (Skogsberg et al., 2003b) . Tumor necrosis factor α (TNFα), an inflammation factor released by fat cells and macrophages, plays a very important role in conferring resistance to diabetes and insulin among obese individuals (Zinman et al., 1999; Kern et al., 2001 ). Experiments involving animals have shown that PPAR-delta can decrease the signal transduction of TNFα and adjust lipid metabolism. Therefore, the present study aimed to investigates the association of PPAR-delta -87T/C polymorphism with several sugar metabolism indices and TNFα level.
MATERIALS AND METHODS

Materials
The study population was divided into 2 groups. A total of 286 patients were in Group T 2 DM (type 2 diabetes mellitus), which included 162 men and 124 women (median age, 63.48 ± 10.56 years). The patients selection criteria were in accordance with the recommended by World Health Organization standard, 1999. All cases were in-patients at the Endocrinology Department of the Affiliated Zhongshan Hospital of Dalian University. A total of 158 patients were in Group NFG (normal fasting glucose), which included 88 men and 70 women (median age, 64.57 ± 12.60 years). The fasting plasma glucose of the patients in Group NFG was under 5.6 mM. All patients were selected from the Health Examination Center of the Affiliated Zhongshan Hospital of Dalian University. This study was conducted in accordance with the Declaration of Helsinki. This study was conducted with the approval from the Ethics Committee of Zhongshan Hospital of Dalian University. Written informed consent was obtained from all participants.
Methods
The general information of patients, such as height, weight, body mass index (BMI), waist circumference, blood pressure, total cholesterol (TCh), triglyceride (TG), HDL-Ch, LDL-Ch, HbA1c, fasting plasma glucose, fasting plasma insulin, and plasma TNFα density, was collected. The insulin resistance index was calculated as follows: HOMA-IR = FPG x FINS/22.5. The TNFα density was measured using enzyme-linked immunosorbent assay (ELISA). The PPAR-delta -87T/C polymorphism was analyzed by extracting the DNA using the Genome DNA Extra Kit (Takara Biotechnology, Co. Ltd. Dalian, China). The PPAR-delta -87T/C mononucleotide polymorphism was detected using polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP). The sequences of the upstream and downstream primers were 5ꞌ-TGGGAAGGTGATAGGGCA-3ꞌ and 5ꞌ-CTGGTGAGTGGCAGAGCAGA-3ꞌ, respectively. Both the primers were obtained from TakaRa Ltd. (Dalian, China).
The reaction conditions were as follows: fore-denaturation at 94°C for 5 min; 35 cycles of denaturation at 94°C for 45 s, annealing at 58°C for 45 s, and elongation at 72°C for 45 s; and final elongation at 72°C for 5 min. The amplified PCR product was cleaved using FokI at 37°C for 3.5 h. The product was subsequently genotyped.
Statistical analysis
The genotype distribution was consistent with the Hardy-Weinberg equilibrium. Data were analyzed using SPSS 11.5. The chi-square analysis was used for data comparison.
RESULTS
The PCR product had a length of 602 bp. The TT homozygote created 3 fragments with lengths of 69, 123, and 410 bp. The CC homozygote created 2 fragments with lengths of 123 and 479 bp. The TC heterozygote created 4 fragments with lengths of 69, 123, 410, and 479 bp (Figure 1 ). In Group T 2 DM, the PPAR-delta genotypic frequencies of TT, TC, and CC were 47.4, 45.0, and 7.6%, respectively, and the allele frequencies of T and C were 68.8 and 31.2%, respectively. In Group NFG, the PPAR-delta genotypic frequencies of TT, TC, and CC were 47.2, 45.7, and 7.1%, respectively, and the allele frequencies of T and C were 69.3 and 30.7%, respectively. This suggested that there were no differences in the distribution of genotypic frequencies between Groups T 2 DM and NFG (P > 0.05).
The comparison of different genotypes performed using clinical markers is shown in Table 1 . Fasting plasma glucose and BMI were significantly different between the TT, TC, and CC genotypes in Group T 2 DM. Triglyceride levels were also significantly different between the TC and CC genotypes. This result indicates that triglyceride is associated with fat metabolism in patients with type 2 diabetes. In addition, the insulin resistance index and TNFα level were significantly different between the TT and CC genotypes in Group T 2 DM, which suggested that gene polymorphism, as well as chronic inflammatory factors, were related to insulin resistance in type 2 diabetes patients. Fasting plasma glucose and insulin resistance index were also significantly different between the genotypes in Group NFG. These data suggest that PPAR-delta polymorphisms have no correlations with BMI, TNFα, and triglyceride in Group NFG (Table 1) .
DISCUSSION
PPAR-delta, also called PPAR-β or fatty acid-activated receptor, has 441 amino acid residues. Its coding gene is located in 6p 21.1-21.2 (Yoshikawa et al., 1996) , which includes 11 exons. PPAR-delta is highly expressed in tissues involved in fat metabolism, such as small intestine, heart, muscles, and fat. Moreover, recent studies have shown that PPAR-delta is closely related with sugar and fat metabolism .
TNFα is an inflammation factor secreted by fat cells and macrophages. It plays a very important role in insulin resistance and diabetes among obese individuals. Experiments involving animals have shown that PPAR-γ can regulate lipid metabolism and decrease the signal transduction of TNFα to increase insulin sensitivity, thus improving fat metabolism.
Studies on PPAR-delta have recently attracted increasing attention. PPAR-delta has shown to play a very important role in controlling the fatty acid oxidation of muscle and fat tissues. Moreover, it is related to insulin sensitivity. A previous study revealed that the haplotype, composed of -13454G>T, -87T>C, 2022+12G>A, 2629T>C, and 2806C>G, is closely related to fasting plasma glucose and body mass index of normal people in Korea (Shin et al., 2004) . Jia Weiping investigated the relationship between PPAR-delta and metabolic syndrome Insulin resistance index is does not have a normal distribution, taking the natural logarithm of analysis of variance. *Significant differences between genotypes TT and CC (P < 0.05); # significant differences between genotypes TC and CC (P < 0.05); ▲ significant differences between genotypes TT and TC (P < 0.05).
and found that gene polymorphism varies according to race (Hu et al., 2005) . The -87T/C mononucleotide polymorphism sites were selected in the present study to investigate the relationship between the mutation and glucose and fat metabolism of the said polymorphism, as well as the TNFα levels among Chinese people in Dalian. The frequencies of PPAR-delta and alleles of the patients included in the present study were more similar with those obtained by Jia Weiping (Hu et al., 2005) compared with those involving Korean subjects (Shin et al., 2004) . However, the differences in the frequencies among the 3 studies were not significant.
The present study revealed significant differences in fasting plasma glucose and BMI between TT, TC, and CC genotypes in Group T 2 DM, indicating that genetic polymorphism was related to diabetes among obese individuals. Moreover, triglyceride levels were significantly different between TC and CC genotypes, suggesting that triglyceride level was closely related with fat metabolism in patients with type 2 diabetes. In addition, the insulin resistance index and TNFα level were significantly different between TT and CC genotypes in Group T 2 DM, suggesting that genetic polymorphism, as well as chronic inflammatory factors, were closely related to insulin resistance among patients with type 2 diabetes. The results obtained in the present study were similar to those of a recent study (Wang et al., 2003) . Fasting plasma glucose was also significantly different between TT, CC, and TC genotypes. This result was obtained by calculating the sum of the square of differences in gene polymorphisms.
Studies involving animals have shown that fat deposition decreased and insulin sensitivity increased in obese mice that were fed a PPAR-delta agonist (Wang et al., 2003; Tanaka et al., 2003) . Moreover, these studies have shown that the PPAR-delta gene has an obvious relationship with glucose and fat metabolism and insulin resistance, which is consistent with the results of the present study. Moreover, this study revealed the relationship between genetic polymorphisms and chronic inflammatory factors and provided a basis for future studies on the metabolism of PPAR-delta.
In summary, gene polymorphism of PPAR-delta, -87T/C, is closely related to obesity, plasma lipid abnormality, insulin resistance, and TNFα in individuals with type 2 diabetes in Dalian. PPAR-delta -87T/C is also related to fasting plasma glucose and insulin resistance in individuals with normal fasting glucose. However, further studies are needed to determine the exact metabolism process of PPAR-delta -87T/C.
